We present a Graphical User Interface to facilitate the processing of teleseismic shear-wave splitting observations. In contrast to a fully automated technique, we present a manual, per-event approach that maintains a user control during the sequence of processing. The SplitLab environment is intended to undertake the repetitive processing steps while enabling the user to focus on quality control and eventually the interpretation of the results. Pre-processing modules of SplitLab create a database of events and link the corresponding seismogram files. The seismogram viewer tool uses this database to perform the measurement interactively. Post-processing of the combined results of such a project includes a viewer and export option. Our emphasis lies in the application to teleseismic shear-wave splitting analysis, but our code can be extended easily for other purposes. SplitLab can be downloaded at
Introduction
Since the early 1990s shear-wave splitting measurements are widely applied to seismological datasets for detecting anisotropy in the Earth (e.g. Vinnik et al., 1989; Silver and Chan, 1991; Silver, 1996; Savage, 1999; Barruol and Hoffmann, 1999; Currie et al., 2004; Walker et al., 2005; Heintz and Kennett; 2006) . While seismic anisotropy in the upper crust is primarily controlled by preferred orientations of microcracks (eg, Crampin and Chastin, 2003) , it is dominated in the deeper Earth, and particularly in the upper mantle, by the preferred orientation of anisotropic crystals (eg, Tommasi, 1998) .
Similar to birefringence in optics, shear wave splitting occurs whenever a seismic shearwave travels through an anisotropic layer. It is split into two waves propagating at different speeds which are polarized in two perpendicular orientations ( Figure 1 ): one wave is polarized along the seismic fast axis direction and the other perpendicular, along the seismic slow axis direction. The delay time measured at the Earth's surface between the two split waves depends on the strength of anisotropy and on the thickness of the anisotropic layer.
Seismic anisotropy has been observed in many environments and at many depths in the Earth, from the crust down to the core-mantle boundary. In the upper mantle, anisotropy is a common feature and isotropy is rather the exception. Anisotropy is widely accepted to be directly related to mantle deformation aligning rock-forming crystals that are intrinsically anisotropic. Measuring anisotropy remotely from the Earth's surface, is therefore a way to access present or past mantle flow at depth. Anisotropy thus offers the unique possibility to directly observe and measure Earth's properties and geodynamic processes at depth. In order to characterize this upper mantle anisotropy, core shear phase such as SKS and SKKS are generally used. These phases are well detectable at distances between 90º and 130º from the epicenter. They propagate along steeply inclined rays between the core and the surface while the liquid nature of the outer core and the P-to-S conversion at the core-mantle boundary (CMB) ensures that only receiver-side splitting is observed. Reviews of the shear-wave splitting technique and its applications have been given by Silver (1996) and Savage (1999) .
A number of codes for performing teleseismic shear-wave splitting measurements exist in the community. Generally these consist of combinations of FORTRAN, C or C++ programs, which are embedded in SAC, SeismicUnix, and SeismicHandler scripts. Such "command line approach" is feasible for small amounts of data. However, more data have become available during the last decade, due to the increasing number of stations from both temporary and permanent networks (like GSN, IRIS, Geoscope, and GEOFON amongst others). To efficiently analyze and interpret these growing datasets, we present the new SplitLab processing environment. Splitlab is available for free download at http://www.gm.univ-montp2.fr/splitting. With its intuitive "button approach" we aim to provide a modern, efficient, flexible and user-friendly workflow (Figure 2 ). Based on Matlab, this environment is platform independent. A set of Graphical User Interfaces (GUIs) embraces the entire splitting workflow, including the selection of appropriate earthquakes and data requests in various formats. Furthermore, a seismogram viewer is provided for the selection of the relevant phase window and the resulting splitting diagnostic plots. The process for a single station is saved as a 'Project', providing for the possibility to conduct multiple analyses on the same data set, resume work at a later time, or the easy exchange of data between researchers.
SplitLab is designed and tested for the use of SKS phases in three-component records in SAC format of permanent stations. However, the shear wave splitting analysis of other phases, such as direct S or ScS, and the analysis of temporary networks are also possible.
Modules Description
The SplitLab workflow (Figure 2 ) can be divided into several steps: 1) Configuration of the project, data request and database preparation, 2) seismogram validation and shearwave splitting procedure, and 3) results output and analysis. At each step the database can be accessed with an integrated viewer which also comprises an export option to Microsoft Excel or plain text format.
A SplitLab project consists of the two Matlab-Structure variables "config" and "eq".
Such format eases the extension of SplitLab with any future plug-ins or interaction with user functions. The "config" structure contains fields with general project configuration (file locations, event search and station parameters, etc.) and the "eq" structure contains the earthquake database (e.g. location, magnitude, distance, corresponding SAC files, results, etc). See Appendixes B and C for the actual information stored in the structures.
A detailed description of the variable type 'structure' is provided in the Matlab manual.
The SplitLab Project configuration (splitlab.m)
To create and manage a SplitLab Project, we provide a GUI (Figure 3) where the user can setup the parameters of the project. After entering information concerning the station, the user can choose between the Harvard CMT catalogue and the NEIC catalogue for selecting the earthquake window (time period, distance, magnitude and depth). A statistical plot provides graphical information about the earthquakes matching the given criteria ( Figure 4 ). Both catalogues exist as local files, and an updater helps to download the newest earthquakes from the corresponding web-pages (Figure 3 ).
At this point, SplitLab requires the presence of the waveforms on the local computer.
SplitLab allows requesting them from the different datacenters via email in various formats such as AutoDRM, BreqFast, netDC or saved as a plain text table. In case the SAC files are already accessible to the user (old analysis, local/temporary deployments) this request step can be omitted. Once the datacenters have provided the seismograms and these are converted to SAC format, the "Find Files" panel allows searching for and linking the three files (east, north and vertical components) to the corresponding earthquake entry of the database. This is done by comparing, within a variable search tolerance, the hypocentral time in the catalogue with the start time of the seismogram file as provided by the filename or its header values. A static offset time can also be selected if, for example, the seismograms are provided relative to P-wave arrival. At the same time, phase arrival times of various seismic phases are calculated and added to the database. This processing step is explained in more detail in the SplitLab User Guide.
The Seismogram Viewer
The main environment of the shear-wave splitting procedure is the Seismogram Viewer.
Here, the seismograms are read and stored in the temporary structure variable "thiseq" , together with the corresponding earthquake parameters. Furthermore, a rotation into the three dimensional ray system (LQT, Figure 5 ) is performed: Figure 6 ). This feature can also be used to differentiate between close phase arrivals, e.g. the SKS and the SKKS phases, which should have different energy on the L-component when rotated with the appropriate incidence angle.
Within the Seismogram Viewer environment, the waveforms can be visually inspected and analyzed by the user before shear wave splitting measurements. Functions such as rotations, filters, zooms, particle motion analyses and spectrograms are easily accessible to help the user in the selection of the seismic phase and of the time selection for the further measurement. Several keyboard keys serve as direct access to functions (Table 1) .
For example, the keys "0" to "9" provide a suite of preset frequency filters, which apply a third-order Butterworth filter twice to produce zero phase distortion. Pressing the "Home" key zooms directly to the selected phase. The users can easily add key-press functions by changing the file seisKeyPress.m. Additional features include a particle motion viewer and an export to SAC format of the current view. The time window on which the user wishes to perform a splitting measurement is selected by mouse clicks.
The shear-wave splitting measurement
The effect of shear-wave splitting occurs when an S-wave propagates through an anisotropic layer (Figure 1 ). The wave is split into two shear waves, polarized in the fast and slow direction and accumulating a delay time along their paths (e.g. Savage, 1999).
To remove the effect of splitting (and thus find the fast direction and delay time) SplitLab uses simultaneously three different techniques. The first is the Rotation-Correlation method (in the following RC; e.g. Bowman and Ando, 1987) , the second is the minimum energy method (in the following SC; Silver and Chan, 1991) and the third is the eigenvalue method (EV; e.g., Silver and Chan, 1991) . The SC technique can be seen as a special case of the EV technique, and may be applied if, as for the SKS phase, the initial polarization of the wave is known. All three techniques perform a grid-search for the splitting parameters Φ (fast axis) and δt (delay time) that best remove the effect of splitting, that is, linearize the particle motion in either the E-N or the Q-T plane. As criterion for best linearization, the RC technique uses the maximization of the crosscorrelation coefficient between the waveforms on the radial Q and transverse T components in the selected window. The SC technique searches for the minimum energy of the displacement T u on the transverse component (
). Silver and Chan (1991) point out the similarities between the four eigenvalue-based criteria such as maximizing λ 1 or λ 1 /λ 2 , and minimizing λ 2 or λ 1 * λ 2 . The user of SplitLab can choose between either of these criteria.
The initial polarization of the wave is assumed to be radial in the case of the RC and SC method which are thus only applicable to phases such as SKS, SKKS, PKS etc. For the EV method, SplitLab provides the option to either use the backazimuth as initial polarization or to estimate it from the particle motion after anisotropy correction and linearization of the waveform. The latter should be used for phases where the initial polarization is unknown (direct S, ScS etc.)
The default search grid parameters used in SplitLab are steps of 1º and half the sampling rate for the RC technique and 2º and half the sampling rate for the SC and EV technique, respectively. The determination of the error is discussed in Appendix A.
For all these calculations the original seismograms are used, which are tapered on both ends. Any existing linear trend is removed from the traces, the mean is subtracted, and finally the whole trace is filtered. Then the seismograms are cut according to the picks.
The selection window is extended by 30 seconds before and after the picks and inserted to the splitting calculation routines. The result of these calculation is displayed in a diagnostic plot (Figure 7 ), containing several graphics allowing the user to quickly visualize and evaluate the measurement. The quality of the measurement can be assigned as proposed by Barruol et al. (1997) via a menu or the measurement can be discarded to test another time window, another filter, another seismic phase or another seismic event.
An optional remark on each measurement can also be added to the database.
The Database Viewer
The database of a SplitLab project can easily be accessed with the database viewer. A 
The Result Viewer
The results of a project can finally be presented by the Result Viewer module (Figure 8 ).
The user can interactively choose the desired phases and qualities to be displayed in the plot. The backazimuthal variation of fast axis estimates and delay time estimates of the RC, SC and EV methods are plotted. Such a variation may provide evidence, if any, of the presence of several anisotropic layers beneath the station. In addition, the theoretical backazimuthal distribution of the apparent splitting parameters for two layers of anisotropy can be calculated and plotted (Silver and Savage, 1994) . This allows the user to interactively test numerous models and to visualize their fit to the observations.
Validation
The SplitLab environment has been tested and validated through synthetic tests, but also by analyzing real data that were already processed and published by different authors. shows large scattering with values above 0.5 seconds and often close to the maximum allowed by the grid search.
Synthetic tests
The backazimuth range of good estimates is larger for the SC than for the RC technique.
These characteristic differences can be used to identify Nulls in real datasets and to assign a quality to the measurement. Not explicitly discussed in Wüstefeld and
Bokelmann (2006) is the behavior of the various eigenvalue methods. These show however similar results to the SC method in the synthetic test.
Validation on real data: the Geoscope station ATD
We provide with SplitLab a data example from the Geoscope station ATD (Arta Cave, Djibouti). The choice of this station has been guided by the quality of the data, the clarity of the fast azimuth, the strength of the delay time, and the broad agreement on the splitting parameters obtained from various anisotropy studies previously performed and published at this station (Vinnik et al., 1989; Barruol and Hoffmann, 1999 ) and also at neighboring stations (e.g., Ayele et al., 2004; Gashaweba et al., 2004) .
The example SplitLab project file contains the necessary parameters and associations, so that the user can directly test the program. Within the provided SAC files we set the A and F header variable which mark the beginning and end of the time window, respectively. These markers are plotted in the Seismogram Viewer and thus hint an inexperienced user to the best time window selection. The selection itself, however, still has to be done. The splitting parameters obtained from the three methods provided in SplitLab are presented in 
Conclusions
We present a code that performs shear-wave splitting measurements including the entire workflow from pre-processing to data analysis to resulting diagnostics. The SplitLab We encourage users to contact us on modifications they propose to the original code or additional plug-ins. This should enable SplitLab to change and grow dynamically, in the spirit of the GeneralPublicLicense.
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We thank M. Savage, S. Greve and C. Currie for helpful comments that improved our manuscript. The When the incident shear wave arrives at an anisotropic medium it splits into two shear waves of perpendicular polarization, along the seismic fast and slow direction, respectively. Traveling through the anisotropic medium the two waves accumulate a delay time δt. The shear-wave splitting techniques invert for δt and the fast polarization direction Φ. given by the L-component (parallel to the ray) and the Q-component (pointing towards the earthquake).
The T-component is perpendicular to this ray plane. Ψ is the backazimuth. where z is a parameter representing the transformed correlation coefficient. Then, as r changes form 0 to 1, z will pass from 0 to infinity. For small values of r, z is nearly equal to r, but as r approaches unity, z increases without limit. For negative values of r, z is negative. The distribution of z is not strictly normal, but it tends to normality rapidly as the sample number is increased (Fisher, 1925) , whatever the value of r. The distribution z has a standard deviation of 
